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PROVISIONAL SUNSPOT RELATIVE NUMBERS FOR 
AUGUST 1939 

[Deptmrlent alone on ohscrvntions nl Zurich] 
[Daw liirnished through the courtesy of Prof. W. Brunner, Eidgen. SternaartP. Zurich 

Switecrland] 

I! 
Mean, 31 days= 105.8 

n=Parsa',e of 33 nvernge4zed ~ ~ o i i p  throueh the central merldian. 
b=Pwaa& 01 a larpt. group through the central meridian. 
c = N r a  formntim o f  R proiip developin? into 3 middle-sized or large ccnher of activity: 

E. on the estern part of the sun's dish; W, on the western part; &I, in thc central-circle 
zone. 

d=Entrance of a large or avernge-sized renter of activity on the east limh. 

AEROLOGICAL OBSERVATIONS 
[Aerological Division, D. If. LtTTLE. in charge] 

By B. FRANCIS DASHIELL 

Upper-air observo tions mncle during Sugust by airplanes 
and radiosonde are. given in tnbles 1 arid l a ,  respectivdy, 
while those inntle bp pilot b:tlloons are shown in tables 
2 and 3. The resultant winds, as well as  t$e menn free-air 
pressures and temperatures, are shown on charts VIII, IX, 
S and XI. Isentropic data are given on chart SI1 and 
the nienn altitudes of the identified tropopnuses are shown 
in table 4. Detailed explanations of these charts and 
tables will he found in the January 1939 issue of the 
MONTHLY WEATHER REVIEW. 

Table 1 shows that nirplane observations are made a t  
7 stations in the United States. These observations failed 
to indicate any unusual pressure, temperature or huniidity 
means for August. The highest temperatures prevailed 
a t  1 .5 ,3 ,4  and 5 liilometers on the Pacific coast (Seattle, 

Wash., and San Diego, Calif.). hfean pressure was highest 
over Pensacoh, Fla., a t  1.5 and 3 kilometers. and over 
Sari Diego, Calif., tLt 4 ancl 5 kilometers. Humidities 
were highest over Lukehurst, N. J., and Washington, 
D. C., and lowest over Seattle, Wash. 

The radiosonde observations given in table In,  as well 
as the airplane flights in table 1, show that below-zero 
menn temperatures were not encountered until nearly 5 
kilometers was reached over all stations, escept Miami, 
Fla. A t  5 kilometers lowest mean temperatures occurred 
over Billings, Mont. (-5.3O C.), while the highest was 
over Miami, Fla. (+0.8' C.). But above 5 kdometers, 
where all observations are made by radiosonde (table la), 
the lowest mean temperatures were found a t  the 16-kilo- 
meter level, escept at 15 kilometers over Omaha, Nebr., 
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and 17 kilometers a t  San Juan, P. R. Mean minimum 
temperatures for August were found over El Paso, Tes. 
(-72.1O C.), San Juan, P. R .  ( - 7 0 . 2 O  C.), Albuquerque, 
N. Mex. (-70.1' C.), and Phoenix, Ariz. (-70.0O C.). 
These were slightly lower than the minima recorded a t  
more northern stations during the current month as  well 
as in August 1938. Individual radicsonde observations 
showed that temperatures colder than -75.0' C. were 
recorded over Sa11 Juan, P. R., Washington, D. C., El  
Paso, Tes., and Albuquerque, N. Mes. 

August resultant-wind directions and forces, bused on 
5 a. m. (Eastern standard time) observations made a t  1.5 
and 3 kilometers, and 5 p. m. observations at, 4 and 5 
kilometers, are shown on clinrts VIII,  TS, S and S I ,  
respectively. West of the RIississippi practicnlly all pilot- 
balloon stations reached maximum altitudes of 10 kiloirie- 
ters or more, while 30 percent of all stntions in the Vnited 
States reported individual ascents tha t exceeded 15 
kilometers. I n  the latter group many of these stfations 
were located along n belt reaching from Texas to North 
Dakota. At  Abilene, Tes., and Oninha, Nebr., individual 
flights exceeded 20 kilometers, and over Florida, eastern 
Colorado, Wyoming and hiontnnti, nll stations renclied 
15 kilometers or more. EzLst of the Mississippi, exceut in 
Florida and a portion of the O l h  F'nlley, Kew Eng1:md 
ancl the middle Atlnntic States aren, mttsimuni nltitndcs 
for Auqust fttiletl to esceed 10 kilometers. The 13th and 

avornlde for high observ:i- 14th of the niontli 
tions in the West, n n c  the llith and 17th in the East. 

Individual wind speeds encountered during Augilst 
above 15 kilometers were not unusunl. The g r a t e r  n iiid 
velocities were confined to the lower levels, as s h m n  in 
tnble 3. Highest velocities reported between 15 and 36 
kilometers were: 27, lS,  10, 15, 21, 17, 11, 14, 12, 13, 14 
and 20 niet'ers per second, respectively. A number of 
these observations indicated thrrt winds having easterly 
components existed tibove 15 kilometers. Tlik was pair- 
titularly true above Abileiie, Tex., between 16 and 26 
kilometers. Upper-air mind observationq covering tlie 
Southeast and Gulf States, a s  well A S  New Mexico, A4rizona 
and southern Culifornin, showed that easterly I+ intls 
persisted a t  t,lie mn\inium nltitiitles rencliecl. Sindar  
conditions ~ l s o  were observed farther north, over Omaha, 
Nebr., iind Huron, S. Dak. 

The 5 a. ni. (Eastern standard time) resultant-wind di- 
rections a t  1.5 kilometers, as  shown on chart YIII,  were 
southwesterly over the greater portion of the United 
States. However, northwesterly winds were recorded 
over Atlanta, Ga., Birmingham, Ala., and Jackson, hIiss., 
which appeared to be indications of the belt of north- 
westerly winds existing above a t  3, 4, and 5 kilometers. 
Southeasterly winds prevailed over southern Texas, but 
directions were somewhat confused over the Pacific 
States, where velocities were light. Rather high resultant 
velocities were noted a t  1.5 kilometers over the Enst, 
except for an area embracing Atlanta, Ga., Birmingham, 
Ala., Mobile, Ala., and New Orleans, La. High resultant 
velocities were recorded over Texas and Oklahoma; the 
extreme for the United States being 9.3 meters per second 
a t  Amarillo, Tes. Very low velocities of 1 meter per 
second or less were reported from the Pacific Northwest 
and southern California. 

At 3 kilometers the resultant winds! based on 5 a. m. 
observations and shown on chart TX, indicated consider- 
able change from those a t  1.5 kilometers (chart VIII). 
A wide belt of northwesterly winds stretched across the 

diagonally from Montana to Georgia, while 
wester y winds revailed generally over the Northeast 
and countT the centra P Rocky Mountain region. Elsewhere 

aYelLred 

southerly and southwesterly winds occurred, except south- 
easterly over Texas and Key West, Fla. A sharp line of 
demarcation between these southeasterly and northwest- 
erly winds was located over northern and eastern Texas 
and western Louisiana. The resultant velocities over 
the south-central States, which were greatest a t  1.5 kilo- 
meters, became the lowest for the country a t  3 kilometers. 
High wind velocities occurred along the northern border, 
reaching maximum speeds of 7.5 and 5.2 meters per second 
a t  Havre, blont., and Snult Ste. Marie, A4ich., respec- 
tivdy. Relatively high velocities were noted over the 
Pacihc and Atlantic coasts, the far Northwest, the Dalio- 
tau and the uortheautern Strttes. 

Cliart S shows the resulttint winds a t  4 kilometers, 
but brised on 5 p. m. (Eastern standard time) observa- 
tions. As also shown on chart IS for 3 kilometers, the 
belt of northwesterly winds stretching across the country 
to the Gulf coast nnd Georgia was flanked by a smaller 
area of soutlieilsterly winds over Texas. Southwesterly 
winds occurred over Ilie far West, tlie Southeast, and 
New England. Resultaut velocities were highest over the 
north-central States from Montana to Michigan, and for 
the entire country over Des Moines, Iowa, and Omaha, 
Nebr. (9.8 ~ i i d  10.0 meters per second, respectively). 

At 5 I~ilometers, 11s shown 011 clinrt SI, the pretiorninat- 
ing u intls over niosi of the Unit>ecl States came froni the 
n o t  tliwest qiiliclrtmt, except cilong the Atlmtic tind Piicific 
coast>, l;loridn, soiithern Texas, ant1 Arizona. Winds 
froni tlie i i ~ ~ ~ t l i r z ~ ~ t  qundrant occurred over a n:irrow 1 J d t  
from ALilene, Tex., to Birmingham, Ala. Easterly re- 
sultniit winds persisted over southern Texas a t  5 kil- 
ometers and continued in iiidividual cases to 26 kilometers. 
Resultant velocities a t  5 kilometers were high over the 
northcim rind eastern sections of the United States except 
in the fur Northwest and lower Grent Lakes region. The 
extreine Southwest reported low resultant velocities, being 
less tli:in 1 meter per second a t  M'inslow, Ariz. The highest 
velocities occurred over Havre, hlont. (11.0 meters per 
second), Biwiarck, N.  Dak. (1 1.0 meters per second), 
Fargo, N .  Dak. (11.3 iiictcrs per second), and Des hloines, 
Iowa  (10.7 meters per second). Velocities were somewhat 
lower over the Enst, ruriging froni 10.5 meters per second 
a t  Suiilt Ste. ILirie, Mcli., and 8.S meters per second a t  
Detroit, hiicli., to 7.9 nirters per secoiicl a t  Albany, N. 1'. 

Conipttring the 5 11. 111. August resultnnt-wind clircctioas 
nntl velocities :it 1.5 and 3 kilometers with 5 a. m. norinds 
fur 21 stations U i  the Uiiited States, i t  was found tliilt 
large vnriations occurred over Meclfortl, Oreg. (departure 
of 147' by a clockwise rotation from norind), Atlanta, 
Gn. (37' clockwise), and Nashville, Teiin. (25' counter- 
clockwise), :itj 1.5 lriloiiieters ; and over Okluhoma City, 
Olrla. (6s' cloclrwiqe), Houston, Tes. (41' clockwise), ancl 
Billings, Morit. (40' clocliwise), a t  3 kilometers. Normal 
current directions were noted over Olilehonia City, Olila., 
a t  1.5 kilunietms, ancl Atlanta, Gn., St. Louis, hlo., and 
Fnrgo, N. Dalr., a t  3 kilometers. Departures from normal 
a t 1.5 kilumeters were by counterclockwise rotations, 
except over the Gulf mid southeastern States and the far 
Northwest and Pacific coast where the departures were 
clockwise. At 3 kilometers all current departures of 
direction from norninl by counterclockwke rotations were 
coniinecl to the north-central and iiorthenstern States. 

Resulttint veldcities for August were less than normal 
a t  1.5 kilonieters over the entire country, esccpt Billings, 
hlont., Snult Ste. Marie, hlich., arid Oklahoma City, 
Oklu. Outstancling iiegative deptirtures occurred along 
the north Atlantic coast (Washington, D. C., -2.3 meters 
per second, and Boston, Mass., -2.2 meters per second), 
while Chicago, Ill,, arid Houston, Tes., showed normal 
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resultant velocities during August. At 3 kilometers 
velocities were less than iioininl except on the Pacific 
coast (Seattle, Wash., + 1.3 meters per second) ni!cl along 
a belt esteiidirig from the Southwest to St. Louis, Mo. 
(+ 1.2 nicters per second). The greatest negative velocity 
clepnrture occurred a t  Boston, hInss. (-5.0 nieiers per 
second), while the largest pcsilive clcpartur e wns noted a t  
Olilahoma City, Okla. (+ 1.5 nieters per second). August 
resultant velocities n t  3 kilometers over Atlanta, Cia., nncl 
Billings, Xfont ., were r;ormal. 

Althilgh normnl w-incls have been computed from 
inoriihig obseivatioiis only, n coinp!rison of the 5 p. 111. 
winds for Aiiyxt with currespcnrling 5 a. 111. norm:& 
intlica ted thnt the ckptiitures 111 tlireciioii at, 4 kilonil ters 
were by clockwisP rototions o ~ c r  the Fkuthwest nnrl 
Southeast tit 5 kilumetere. L ~ r g e  departi!res of current 
diiectic.:n from iiorrnnl were no{ et! nt Oli1:ihouin City, 
01,ls. (139' c(~iiI:terclocb\~i~e), €~oi is t~\ i i ,  Tex. (124' 
counterclockwise), :ind Atl:lntn, Gn. (40' clockwise), a t  
4 kilcmeteis; mcl over Albuquerrlue, I$. nfcs.  (1%" 
clc.ckwise), Clhl:thonit~ City, Gltla. (SZo coiii~ terclockn-Le), 
a n d  Houstor;, Tex. CoiinteIclocl~nije), nt 5 kilo- 
meters. The 5 p. 1x1. resuliilnt wbd velocities for A!igiist 
were less tlinii r~orm:il nt 4 hilonietcrs, esccpt over the 
C'cntrnl Stntcs 3t 4 1,ilanieteis; : t i i d  grester than rioinial 
everyvwl~erc escept .over Seattle, Wtisli., II(:uston, l 'es., 
and Cincinnnti, 01110, at  5 kilomcteis. 

Klieii the 5 p. 11:. rviiitls for Aupust were conip::rc.d 
with the 5 a.  111. i i rmn~~ls  for. 011 levels above tlie surf:ice 
up to 5 bi1on:etrrs :it 19 sclecieil stntioiis, i t  \\us loinid 
that Cincirinnti, Ohio, OIII:I~II, Nebr., CLic:tgo, Ill., 
Fargo, N. Dak., n i ~ d  Nnsllrille, Teiin. (in the smie cen- 
ercl area), hac1 wind directions tbnt were nearly riornitil. 
The greatest departure  were noted over the 11 est, being 
ccnterecl nt Albuquerqi:e, N .  Ilex., S::lt Lake City, Utah., 
Seattle, Wat:li., Billhip, hfoiit., Onkl;ind, Calif., and 
Clleyeiine, Kyo .  At Albuquerque, N.  bles., tlre currciit 

winds departed by 71°, 2 2 O ,  12G0, 116O, and 163' with 
clockwise rotntions from normal at 2, 2.5, 3 , 4 ,  and 5 kilo- 
meters, respectively, and a t  Snlt Lake City, Utnh, by 
15O0, 130°, l54O, 42', 26', aiid 2 2 O ,  by clockwise rotations, 
at 1.5, 2, 2.5, 3, 4, nnd 5 liilometers, respectively. Re- 
sultant velocities that were less t h in  normd were out- 
stnutibig a t  Fnrgo, N. Duk., Cincinnati, Oliio, Houston, 
Tes., Salt Lake City, Utah, St. Lnois, hlo., and Wash- 
ington, D. C., at all levels, but at Rleclford, Oreg., snd 
O:iklnntl, Calif., departures were greoter than normal. 

Table 2 shows the 5 p. m. (Eastern standard time) re- 
sultni~t wiiitls for nll levels where coniputetl. Comparing 
t l l e~e  for 1.5 liilometers with the winds zit 5 a. ni. (Easterrl 
stail(lnrc1 tiixc) for August it wns noted that, tl:e 5 p. m. 
iviiid directions turiieil awny frcm the iiwriiii~g wiiicls by 
clockwise rotnticms oyer the Enst, Southenst, niid centrd 
Rocl.;y hTount:iins. Elscwliere tlie afternoon tlirecticns 
sliowetl tliiiniul clianges by assunling couiiterclockwise 
rotntions froni tlie 1i;oniiiig t!ireciiams. However, a t  3 
lii!ometers, tlie 5 11. in. winds linviug couiiterclockwise 
tlrpnrtiures h on1 the .5 a. IN. tiii.cctions mere 1oc:iterl over 
t lie lev, er Mississippi valley, the No1 thenst and the far 
itiorthwest. At 1.5 kilonieters the 5 p. 111. resultnnt- 
wind velocities over the countly \\ere lighter thaii those 
ucciirriiig in tlie niorliiiig cscept in t,he Northwest, but 
nt  :I, l~ilonietcrs tlie afterfioc~ii vc1locitic.s wive higher t i t  
till p lnc~s  except over the Grext I ~ ~ k e s  region, the south 
Alhiitic coast, nnd Texis. 

Tahle 3 sliow-s tlke imxin:i:ni inrlivicliial wird x-elocilies 
chriiig Aiigu$t. The wind speecl o f  40.4 ine i~rs  per 
second over Wichita, IGiiis., was t lie highest to be re- 
ported from below 2.5 kilometers during recent years. 
The intisiinum velocities over Ely, Xev., and Huron, 
S. Dnk. (40.7 and 58.0 in. p. s., respectively), between 
3.5 niid 5 kilometers, ant1 a1:ove 5 Bilunieters, respec- 
tively, were the lowest n-iiicl speeds recaidetl in those 
levels during the preceding 12 months. 

- 7  

TABLE 1.-Antccii fret-air tcronidric pressrtrts (P.)  in m b . ,  l t m ~ ~ r a l i t r e s  (T.) in C.,  cnd relaiic~e hirniiditzfs (h'. H . )  in percent obtained by 
airplanes diirrng dvgrrst 1Pb9 

I I Altitude (merrrs) m. 9. 1. 

1 Nnvy. 
Observations taken ahont 4 n. m. 75th meridian time Pxce t hy Nuvy stations dong the Pnclfic mast nnd IIuwali where they are taken at damn. 
NOTE.-SOIm of the mems included in this table are'iase$m less than 15 surface or Bstmdnrd-level observations. 
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-- 
19.6 
20.4 
19.8 
17.6 
15. 1 
12.2 

TABLE la.-Mean free-air barometric pressures (P.)  i n  mb.,  leinperalutes (T)  i n  OC., and relative huniidities ( R .  H . )  in percent obtained by 
radiosondes during August 19SQ 

Strrtions and elwslions in meters above sea level I 

78 
88 
60 
57 
53 
51 

I Phoenix, hriz. 
(a30 m.) 

-1R.4 
-24.1 
-31.7 
-39.1 
-46.5 

Surfam __. -. - - - -. . - - . 
.x) ................... 
1,oOo .................. 
1.500 .................. 
2,m .................. 
2..w.. ................ 
3,000 .................. 
4.m .................. .5,m ................. 
6,oOo.. ................ 
7 . m  .................. 
8.m __._ - _ _  - - - - -.. ---. 
9 . m  ____. .____ .- ..--.. 
:o.m ................. 
11,Rnl____. ............ 
12.000 ................. 
13.000 ................. 
14.m ................. 
15.000 ................. 
1n.m ................. 
17.000 ................. 
15.000 ................. 
19.000 ................. 
20,000 ................. 
21.000 ................. 
n.000 ................. 
2?,000L.. ............. 
24,oM 

43 
41 
40 
37 _ _ _ _  

971 B.6 5 
OM 29.6 4' 
902 28.8 4, 
&? 25.4 4 
R1)S 21. 5 4 
759 17.6 4 

635 R . 5  5 
Cfi? -1.3 6 

435 -13.1 8 
380-19.5 5 
332 -28.9 6 
2 s  -34.9 € 1  

249 -42.7 .-. 
215 --50.2 ..- 
184 -57.2 .-- 
15R .-M. 2 _ _ _  
133 -69.6 .-- 
112 -70.0 .-. 
QS -60.0 .-- 
Ro -M.P .-- 
69 -G3 9 ..- 
59 -6r. s .-- 
49-58.9 .. 
42 -57 3 ... 

718 14. I 5 

494 -7. I n 

Oakknd. clsl!f. Oklehorna W y ,  Omaha. Nebr. 
(2 m.) I Olila. (381 m.) (300 m.) 

- 

P 

8 

.a 

,a 0.9 
O m  

.- 
% E  c 

z - 
3' 
3 
31 
3' 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
3: 
31 
31 
31 
3( 
?( 
2I 
2; 
2: 
21 
If 
1; 

- - 

31 
31 
31 
31 
31 
31 
31 
31 
30 
30 
30 

29 
29 
29 
23 
"7 
31 

30 

."  

853 21 1 56 
8051 1 i : g  69 
758 14 5 li? 
715 11.5 62 
634 5.2 A? 

494 -s. I 53 
434 -14.2 .I4 
37J -21 2 13 
a0 --%.5 43 
287 -36.3 43 
249 -43.F; .-.. 
?14,-51.1 .___ 
ISRI-5i A ..-- 
156 -62.7 ..__ 

ll?,-66.6 ..-- 
Y5 -65.8 .-.. 
81 -64 0 .__. 
69 -62.2 __.. 
65 -w.5 ._._ 
50 -59.0 .___ 

5~ -I.Y 59 

n a l - ~ f i . ~  _ _ _ _  

............... 

. - -. - - - -. - - . - - - . 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
2f 
zr 
21 
21 
21 

zr 
2( 
2l 
2i 
2i 
2: 
?: 
11 

"( *. 

1; 

Stations and olevations in meters abova sea level 

EI POSO, 'rex. 8an Junn. P. R. W:ishiugtuo.l 1). I . .  Jolict, 111. 
(1,lO:C m.) (18 m.) (7 m.) (178 m.) 

Obsemations taken ahout 4 a.  m. 75th meridian time. 
1 Navy. 

- 

to 

k - 
9 z  
9% 
901 
85: 
%Jl 
75: 
71: 
63: 
55; 
49r 
43i 
37t 
32i 
2% 
241 
31C 
175 
153 
1 3  
111 
94 
Ex 
62 
55 
41 
4: 

.-.. 

- - 

hfiami, Fla. 
(4 m.) 

31 1.0151 34 0 YZ 
31 060 24.0 63 
31 #)A 21.4 i 8  
31 S.5G 18.9 73 
31 S O i  16 4 72 
31 iB0 14.2 67 
31 717 11.6 65 
31 6if; 6. 4 80 
31 602 0 8 W 
31 4Y6 -4.9 55 
31 31 332 436 -10.9 -17.4 54 54 

380 334 -21.4 54 
30 2yo -31.9 53 
30 251 -39.7 50 
30 21 i  -47.3 .___ 
30 -M.6 .___ 
;il .59 -61.1 ..-- 
30 136 -65.9 .___ 
30 115 -67.9 _ _ _ _  
60 97 -67.9 _ _ _ _  
311 92 -fi7.2 .... 
26 70 -ti5.b .... 
25 59 -64.0 ..__ 
22 SJ -62.5 .-.~ 
12 43 -60.6 .... 
10 36 -69.3 .__. 
6 31 --Mi.3 ..__ 

!SC 

NOTE.-None of the means included in thls table are based on less than 15 surfam or 6 stdndsrd.leve1 observations. 
Number of observations rekrs to pressure only as temperature and humldity data are missin! for some observotiuns a t  certain levels, also. the humidity d a h  are not used indally 

observations when tbe temperature LS below -40" C. 
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Altitude (meters) 
m. s. 1. 

MONTHLY WEATHER REVIEW 

Bostoi 

April 1939 a 

Num- I 
ber of Pres- 

AUGUST 1939 

- 
Rela- 

tive 
bumid- 

ity 

TABLE la.--llfean free-air baromclric pressures ( P )  i n  mb. ,  tempernlures (r) i n  "C.,  and re-lative hitmidities ( R .  H . )  i n  percent obtained by 
radiosondes during Airgust 1939-Continued 

LATE REPORTS FOR APRIL AND M A Y ,  1939 

Altitude (meters) 
m.  s. 1. 

April 1039 I 

Num- Reln- 
her of Pres- Tern- tive 
ob+Pr- 1 bure I pee 1 humid- 

vations ity ----- 

2,500 ............... 
3.000 ............... 
4.m ............... 
5 . m  ............... 
8.m. ._.___ _ _  -.._. - 
7, ooo... ............ 
8,W ............... 
9 . m  ............... 
1o.ooo.. .......... 

Num- 
ber of 
obser- 
vations 

Tem- 

ture 
peras 

4.4 
2.8 
1.7 
0.5 

-1.4 
-3.3 
-5.4 

-10.5 
-15.7 
-22.7 
-29.8 
-37.0 
-44.0 
-50.5 

:Et 
ity 

humid. 

-- 
76 
76 
71 
70 
67 
61 
57 
52 
50 
49 
49 
49 

....... 

. - ~  .___ 

Boston. hIass.1 I hIass.1 

pres- 
"Ire 

Num- 
ber of 
ohser- 
rations - 

31 
31 
31 
31 
30 
30 
30 
30 

30 
29 
29 
27 
27 

30 

turo 

hIay 1939 

1.013 

Ea1 
LUB 
79s 
750 
i05  
621 
645 
478 
417 
362 
314 
270 

957 

-- 
11.1 

9.4 
7 .2  
4.2 
1.2 

-1.4 
-6.9 

-12 2 
-18.7 
-25.6 
-32.6 
-40.3 
-47.4 

in. 6 
226 
193 
165 
141 
120 
102 
67 
75 
64 
54 

~ 

-53.5 _ _ _ _ _ _ _ _  25 
-55.4 _ _ _ _ _ _ _ _  23 
-58.1 _ _ _ _ _ _ _ _  22 
-55 2 _ _ _ _  _ _ _ _  22 
-54.7 _ _ _ _ _ _ _ _  22 
-54.*5 ........ 19 
-53.9 _ _ _ _ _ _ _ _  18 
-54.4 _ - _ _ _ _ _ _  15 
-53.7 _____.__ 14 
--53.1 _ _ _ _ _ _ _ _  13 

........................ IS 

........................ 10 

........................ 5 

~~ I 76 
72 
61 
61 
61 
61 
EO 
54 
48 
44 

~ 

232 
199 
170 
145 
124 
106 
91 
78 
6A 
57 
49 
42 
36 

-52.4 
-55.5 ___ - - - - -  
-55.6 ........ 
-56.7 ._______ 
-56.1 ........ 
-55.7 _ _ _ _ _ _ _ _  
-56.1 ~ __- - - - -  
-53.9 _ -_ -__ -_  
-52.5 _ _ _ _ _ _ _ _  
-51.1 -_----__ 
-49.2 ..______ 
-46.6 ..______ 
-44.2 - -_- - - - -  

I - -  

27 
27 
26 
26 
28 
25 
24 
23 
22 

1s 000.. ............ I 
744 
698 
614 
535 
471 
410 
35fi 
307 
264 

I!4,OM) .............. 
2 o . m  .............. 
?L.ooo ................ 
22,m ..-- - . - - ---_-- -- 
23,oOo.. .............. 

May 193 I 

1 Operated by M%ssachusotts Institute of Techuolopy. I Began April 3, 1R38. 

TABLE 2.-Free-air resultant winds based on pilot-balloon obaervaiions made near 6 p .  m .  ( E .  S. T.) during Arcgust 1939 
[Dirertions given in degrees from North (N=3E0°, E=90°. S= lROO, W=?;O")--Velocities in meters per second (superior figures indicate number of ohserrations)] 

Altitude 
(met.ers) 
m. s. 1. 

Surface-. . -. 
500.. ........ 
1,ooo ........ 
1,600 ........ 
z.oOo.-. ..... 
2.5w. -. . - - - . 
8.000. _ _  - - - -. 
4.000. - . - - - - . 
5.000. ._ --. -. 
e, ooo... ..... 
R.MO. . -. - -. 
13.ooo ....... 
12,oo. ...... 

Altitude 
(meters) 
ni. s. 1. 

Surfa ca..... 
500 ......... 
l,m ........ 
1.m .__ 
2,ooo ........ 
2,500. ....... 
3,000 ........ 
4 . 0 0  ........ 
5.w .-. 
6.m ........ 
8.ooo ........ 
10,ooo ....... 
12,ooo ..... 

1E.trn.  - - -  
14.000 ....... 

Altitude 
(meters) 
m. s. I. 

600.. ....... 
I .  ooo... .... 
1,6 oo... .... 
2.ooo ____--. 
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TABLE 3.-Allaxiniu~n free-air wind velocities (ill. P. S.), for differcnt sections of the United States based on pilot balloon observations during 

29 

13 
21 
6 

21 
? i  
27 
7 

5 

Surl3ce to 2,500 meters (m. s. I . )  / /  Between 2.xx) and 5.ow meters (m. s. 1.) I/ 

Svaruse.  N. Y. 
Biruiingham, Ala. 
Huron, 8. Uak. 
Umaha, Nehr. 
Oklaborn~City,Okla, 
hte.iford. Ureg 
Redding. Calif. 
Las Venas, Nev. 

F , k l U S .  1%'. VR. 

Above 5 . 0  meters (m. s. I.) 

Albany. N. Y ....... 
Cincinnati. Ohio ... 

Bismsrck, N. I h t . .  
Pes  hIoiues. Iorvs ... 
.4mnrilln. Tes ...... 
Medfwl ,  Oreg ...... 
& I $ .   ne%,..^ ....... 
Sandberg, Ca!if .--.. 

Ilirmiugham, A k .  .. 

42.2 
25.0 
36. (i 
53.0 
41. 6 
33.0 
52.0 
S% 4 
39.0 

RSW .... 
S S I K . .  
8SW -.. 
W S R  ... 

W'SW -. 
NNW.-. 

w ....... 

2,410 I? 
1,330 21 
1.420 10 

610 19 

1.680 9 
2,250 15 

1.260 11 

Tampa Fla ......... 
Detruil. hilch ....... 
Wichita, Kans ____._ 
Jackson. hliss. ..... 
Penillet.on, (.)reg ._.._ 
Pueblo, Colo. _..__ 
Sandberg, Cali1 ___._ 

36.8 
36. 6 
30.6 
31.2 
23. 
40. c 
?4.2 

E8E .... 
ns\v ... 
N\V..-.. 
\v.. .... 
SSW ... 
8SE .. 
N K W  -. 

4,970 
4.920 
3,!)W 
3. I9U 
5, on0 
3 . 9 9  
2,510 

Mean 
alti- 
tude 
(km.) 
m.a. 1. 

Menn 
tem- 
pera- 
t y e ,  

C .  -- 

Mean 
alti- 
tude 
(Irm.) 
m.s.l. 

Mean 
tem- 
pera- 
Lure. 

c. -- 
9.2 

10.7 
12.2 
13.5 
14.4 
15.0 
15.6 
16.1 
16.6 

13.4 

............. 
-38.0 
-47.0 
-55.9 
-61.5 
-65.3 
-65.8 
-65.7 
-64.8 
-67.0 

-68.9 

. - -. - - 
10.0 
1 2 1  
13.3 
14.8 
15.8 
16.3 

l i . 5  
16.5 

.............. 
. - - -. . 
-39.0 
-53.5 
-58.2 
-66.1 
-71.2 
-72.3 

-73.0 
-67.11 

10.0 
11.3 
12.0 
13.8 

............. 
-4U.O 
-52.0 
-53.4 
-63.2 

4 
7 

13 
13 
6 

3 
8 

............. 
12.4 
14.1 
14.8 
15.5 
16.2 

17.0 
16 7 

1% 4 
14.8 
1C.2 
18.4 
18.6 

13.9 

-62.8 
-64.8 
-67.8 
-67.2 
-64 .4  

-60.3 ._____ 

_.____ 

15.3 

372.5 360.8 _ _ _ _ _ _  

Potential tempera- 
. tures OA. 

______ 
W - 3 2 9  ............. 
330-339 ............. 
340-349 ............. 
350-35!1 ............. 
360-369 ............. 
370-378 ............. 
3W-3YY ............. 
390-399~ ............ 
410-409 ............ 
A l l  ( w e i g h t e d  

means) ..-. . __.__. 

Nashville, Tenn. 

Mean Mean 
Num- alti- tem- 
I r r  of tude  pera- 
cases Cam) ture 

m.s.1. oc 

3 10.3 -50.0 
10 11.0 -49.9 
19 12.2 -53.3 
I3 12.9 -55.6 
12 14.6 -65.3 
9 15.4 -67.8 
4 15.4 -62. 5 
6 16.5 -fi6.7 
3 16.7 -66.0 

_ _ _ _ _ _ _  13.6 -58.6 
-I-- 

__ -~ 

Mean 
alti- 
tude 

tkm.) 
u. SL I.  

Mean 
ten;- 
pera- 
ture, oc. 

Kum- 
her 01 
rases 

M w n  
nlti- 
tude 
(km.) 

m. s. I 

h l ran  
alti- 
tudc 
(trn.) 
u. J I. 

Mean 
tem- 
pera- 
t i re ,  
OC. 

hlran 
nlti- 
tu.le 
(kni.) 
n. s. 1. 

Mean 
tem- 
ycn- 
ture. 
"C. 

10. -1 
1 1 .  Y 
13.9 
14.7 
16. I 
16.4 
17.? 

_ _ ~  
.......... 

-41. 6 
-50. ,! 
-65.5 
-67.9 
-74 .0  
- 3 . 6  
- i 1 . 0  

16 1 
12 
S 
1 
2 
2 

...... 

..--.. 

_ _ ~  
............. 

11.8 11.9 
13.2 

' 14.6 
14.7 
14.7 
16.6 

13.? 

............. 

__- 

366.3 

8. 6 
10.5 
11.3 
13.3 
14.3 
14 9 

-34.0 
-46 1 
-55.6 
-59 4 
-63 6 
-63 2 

13.4 -- 
361.4 

-57.7 

..... 

II- - 
R 
c1 

'S 
f 

.- 8 
i 
- 
29.2 
26. 
25 . ,  
31.0 
40.4 
24. 2 
24.9 
23. 6 
30.8 
- 

Section 
Station Directior Station 

Q c 

6 
." 
0 

Northeast I ......... 
East-Central a . - . - - .  
Southeast 1.. ....... 
hTorth-Centra14.---. 
Centrnl d ......... 
South-Central e..-.. 
Northwest _..___ 
We~t-Central '  ..-.- 
south\rest 0 .---.. ~.. 

W S \ K  
S\V .... 
E8E .... 
1%' .... 
JVNW'.. 
W X W .  
SSW.. .. 
SSW .... 
V?. ..... 

I Maine, Vermont. New Hampshire. Massachusetts, Rhode Island, Connecticut, New 
York. New Jersey. Pennsy1vani.i. and northern Ohio. 

I Delawnre, Marylanal. Virginia. West Virglnia. southern Oblo. Kentucky, eastern 
Tennessee and North Carolina. 

8 South bnrolina, Georgis. Florida. and Alsbama. 
4 Michinan, Wisconsin, Minnesota, North Ihkota .  and South Dakota. 
3 Inilinna, Illinols. IOWR, Nebraska. Kansas, and Missouri. 

0 EfisP!wipyi, Arkansas, Louisiana, Oklnboma, Texas (escept El PaSol, RDd westrun 

7 hfnntana Idaho. Washiueton and Oregon. 
8 lVywnin(. Cnliirado. Utah. nlrthern Nevada, and northern Cslilornia. 
9 Southern Cdifnruin, southern Nevada, Arizona, New Mexico, and extreme west 

Tennesuue. 

Texns. 

TABLE 4.-lWean altitudes and teniperatures of significant poirilx identifiable a8 tropopuzises d w i i i g  Apr i l  1939, classified according to the 
potential temperalures (10-degree intervals batween 33Uo and 409' -4.) with d i c h  they ure idcnftjied. (Based 071 radiosonde observations) 

Bismarck. N. Dak. Charleston, S. C. Denver. Colo. El Pazo, Ter. hliami, Fla. Ely, Nev. 
- 
Mean 
tern- 
pera- 
ture, 
0 c. 

Wean 
alti- 
tude 
(kill.) 
m. s. 1. 

Mean 
tem- 
perfi- 
ture. c. 

Menn 
alti- 
tude 
(km.) 
m. 8.  I.  

Mean 
tem- 
pera- 
tiue, c. 

I 
Mean 
alti- 
tude 

(kU1.)  
m. 9.1. 

Nunt- 
her of 
cnses 

i u m .  
se.r ol  
rases 

Vum. 
7er of 
cases 

Num- 
ber of 
cases 

pera- 
ture, c. 

-- 
............. I -- 

3lO-gl9~ ....._ .............. 
3Zl&<329 ..................... 
330-839. _ _  .- -. _ _ _  _ _  2 
340-3JB. ............ 9 
350459~ ............ 17 
360-369. ............ 9 
370-379. _ _  _. . -. _.___ 10 
380-389 ~ ~. . - - - -. - -. . 10 
3w-399.. ........... 2 
4wm~ ............ 1 
A l l  ( w e i g h t e d  

means) .................. 

...... 1 ....... 1 ....... ____.. 
2 

13 
15 
12 
7 
8 

10 
6 
1 

- - 

8.5 -40.5 
9.6 -14. 5 

11.0 -51.4 
12.1 -54.7 

1 
11 
12 
11 
5 
6 
5 
6 
W 

............. 
11.8 -56.5 
12.6 -59.0 

__._-- 
-in. 7 
-*%S 
-66.9 
-68. 4 
-67.6 
-6% 8 
-GR. 7 

-65. J 

- _ _ _ - -  
- - 

13.2 1-58.2 
2 . 0  -6i. i  
14.4 -59.0 
15.1 -62.0 
18.0 -65.0 
16.2 -62.0 

13.9 -61.1 -67.2 14.7 -60.8 11.9 -53.8 

344.7 _-_ - - _. 

M e a n  Potential  
t e r n  e r a t u r e  
(NeigEted), A-..  ....... 365.0 ..___ _. 

Phoenix. Arie. :lklahoma City, Okla. Oinahs. Nehr. Yso Antonio. ?'e\. Washington, D. C. Oakland, Calif 
__- 

I 
~ 

Mean 
tern- 
pera- 
ture, 

O C .  

I I 

Num. 
her o! 
cases 

Vun1 
ser u l  
rases 

_. 

2 
7 

19 
r? 
6 

h 
5 
5 

x 

.... - 

... 
- 

Vum. 
lier 01 
cases 

NUUI. 
her 01 
case? 

tude pera- 
(krn.) t,iire 
11. s. 1. "C.' 

i- .- --I- __- I 2 
10 
17 
s 

10 
8 
7 

10 
5 

._._ 

.... 
2 
8 

13 
12 ; 
3 
5 

.... - 

.... 
~ 

..... 
-46.0 
-54. 9 
-G?. 2 
--R5.7 
-67.2 
-67.1 
-65.7 
-67.2 

.... 
3 
5 

I3 
15 
k 
I 
4 

..--. 

... - 

..... 

..... 
2 
5 

'0 
; 

13 

3 

.-..-- 
-57.0 
-51. 4 
-57. 5 
-64.6 
- N O  
-65.0 
-68.5 

io. n 
10.6 
11.8 
13. 4 
14.2 
15. 1 
15. 7 
16. 2 
16.6 

13. 7 _- 

-44.5 
-45.5 
-49.8 

--EO., 
-64.4 
-67.0 
-GG.  3 
-G5. Y 

-57.8 

-60.2 

..... 
10 8 
12. 2 
13. 7 
14.5 
15. 2 
15. h 
16. 3 
17. 0 

..... 
11. 8 
12.2 
13. 8 
15. 1 
Iii. 0 
It;. 4 
16. 7 

55: 7 
-32. ti 
-63.3 
-GY. i 
- i l .  0 
-70. 2 
-73. 5 

15. 5 -FA. 2 
15.fi -6U.8 
10.5 -63,s ........... 

14.6 -65.9 

I 
-- -.%. 4 

I M e a n  p o t e n t i a l  
t e m p e r a t u r e  

. (weighted), OA.. . I ....... 3.58.5 363.3 
- 

369.1 ...... 

-- 


